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INTRODUCTION
Liver cancers (including hepatocellular carcinoma [HCC] and cholangiocarcinoma) are the 13 th most common malignancy diagnosed in the United States and the fifth most common cause of cancer death. [1] Liver cancer is more common in Asian/Pacific Islanders and American Indians/Alaskan Natives. Studies show rates for new liver and intrahepatic bile duct cancer cases have been rising on average 3.0% each year for the past 10 years. Liver cancers have high mortality (overall 5-year relative survival of 17.5%).
The only potentially curative therapies for HCC are resection and liver transplantation; due to underlying liver disease, many patients are not candidates for resection, meaning liver transplantation is their only option for cure. [2] Tumor-associated features that have the most impact on long-term survival in liver transplant patients with HCC include tumor size and number, bilobar tumors, tumor differentiation, satellite lesions, and vascular invasion (VI); [2] [3] [4] in fact, the most powerful independent histologic predictor of overall survival after transplantation for HCC is the presence of microscopic VI, [5] and therefore, tumors with VI are assigned This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
For reprints contact: reprints@medknow.com a higher stage. [6] Specifically, under American Joint Commission on Cancer staging criteria, VI upstages a solitary tumor from pT1 to pT2, and tumor(s) involving a major branch of the hepatic or portal vein automatically categorizes a tumor as pT3b.
Pathological assessment of the explanted liver is critical, as radiographic pretransplant staging of an HCC has demonstrated only 34% accuracy compared to the pathological examination of the explanted liver specimen. [7] All patients with HCC are screened for recurrent tumor posttransplant and it has been suggested that patients with a tumor demonstrating VI should be screened at more frequent intervals. [8] In recent years, there has been a movement, particularly in academic medical centers, toward subspecialty sign-out (SSSO) in surgical pathology; in this model, attending pathologists generally focus on only one or two subspecialties, rather than doing "general sign-out" and being responsible for cases from all organ systems. Recently, our department transitioned from general sign-out to SSSO in July 2015 after utilizing a hybrid model for 6 years. Given that VI is known to have somewhat high interobserver variability in both HCC and other tumors, [9] [10] [11] we hypothesized that pathologists with special interest and training in liver pathology would be more likely to identify and report VI in HCC than would general surgical pathologists and that our SSSO model would reflect this.
SUBJECTS AND METHODS
With appropriate Institutional Research Board approval, we searched our departmental surgical pathology archives for transplant hepatectomies performed for HCC. We identified 143 such cases with available sign-out reports and hematoxylin and eosin-stained slides: 88 cases before implementation of SSSO and 55 cases after SSSO implementation. All slides were reviewed for the presence or absence of VI by two pathologists (ARH and CWM) with fellowship training in gastrointestinal (GI) and liver pathology whose practice is limited to that subspecialty. VI was defined as tumor cells within or adherent to the wall of an unequivocal endothelial-lined vascular space. If immunohistochemical staining to highlight vessels was performed at the time of original sign-out, those slides were reviewed as well; no additional immunostains were performed.
The following metrics were tabulated for each case: whether it was signed out before or after SSSO, whether VI was present or absent as per the original report, whether VI was present or absent after rereview, and whether the signing pathologist had special training in GI/liver pathology. The results were compared using Cohen's kappa analysis to compare agreement between the cases signed out before and after SSSO implementation in GraphPad Software online (http://graphpad.com/quickcalcs, GraphPad Software, San Diego, CA, USA, last accessed 10/12/2016). The Kappa results and level of agreement were interpreted as suggested by McHugh as follows: 0.01-0.20 as "no agreement," 0.21-0.39 as "minimal agreement," 0.40-0.59 as "weak agreement," 0.60-0.79 as "moderate agreement," 0.80-0.90 as "strong agreement," and above 0.90 as "almost perfect." [12] 
RESULTS
Findings are summarized in Table 1 . Before SSSO implementation, 49 of 88 HCC cases were reported as negative for VI; on rereview, 20 of these had VI. The other 39 cases were originally reported as positive for VI; we agreed with all cases, meaning that no cases were switched from positive to negative for VI. Fourteen cases signed out before implementation of SSSO were done so by a GI/liver pathologist; these were distributed proportionately among the groups (3 negative/negative; 3 negative/positive; and 8 positive/positive). After SSSO implementation, 39 of 55 cases were reported as negative for VI; on our review, 8 of these had VI. Missed foci were usually small and subtle but were adjacent to the main tumor mass [ Figure 1a and b]. Sixteen cases were originally reported as positive for VI; we agreed with all 16 cases. Again, no cases were switched from positive to negative for VI. Overall, the VI status was correct in 69 of 88 cases (78%) before SSSO, while it was correct in 47 of 55 cases (85%) after SSSO. Kappa (agreement) between general SO and subspecialty rereview was 0.562 (95% confidence interval [CI] = 0.411-0.714) "weak agreement;" these values did not change if the 14 cases that happened to be signed out by a GI/liver pathologist were excluded. Kappa (agreement) between SSSO and rereview by select liver pathologists was 0.693 (95% CI = 0.505-0.880) "moderate agreement."
DISCUSSION
There is a movement afoot for surgical pathology units to implement SSSO, not only in academic centers but also in community practice. [13] SSSO is appealing because it allows pathologists to focus their clinical efforts on one or two organ systems, rather than trying to keep up with the ever-increasing available knowledge of every organ system. It also may foster closer relationships with clinicians, perhaps leading to improved communication and in academic institutions, stronger research collaborations. Transitioning from general to SSSO requires a careful balancing act, considering pathologist preferences, departmental case mix, and coverage/staffing needs. [14] Because of this, SSSO can be burdensome to implement and maintain, as we have experienced at our institution. After SSSO, it can be difficult for pathologists to "cross-cover" during staff shortages. Staffing needs may increase because depth is required in Table 1 : Impact of subspecialty sign-out on identification of vascular invasion in hepatocellular carcinoma: summary of results each subspecialty. Remaining proficient in frozen section interpretation across subspecialties requires special attention.
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In the field of GI and liver pathology, SSSO has become an expectation among gastroenterologists and hepatologists. This has received particular attention as regarding the identification of dysplasia in Barrett's esophagus. In fact, the American Gastroenterological Association position statement on Barrett's esophagus states, "the diagnosis of dysplasia in Barrett's esophagus should be confirmed by at least one additional pathologist, preferably one who is an expert in esophageal histopathology." [15] Other authors have also been recommended that "consultants with particular expertise in GI pathology" be utilized "before institution of definitive management in patients with Barrett's esophagus (sic) with 'atypical' biopsy specimens." [16] These recommendations have been made even though interobserver variability remains high in the assessment of dysplasia in Barrett's esophagus, even among expert GI pathologists. [16, 17] Despite this trend, only a handful of studies in the literature have evaluated the quality of sign-out reports generated under an SSSO model compared to a general sign-out model. One study has suggested that SSSO improves the diagnosis of pleural involvement in lung cancer. [18] Similarly, GI pathologists appear better than non-GI pathologists at detecting VI in colorectal carcinoma, whether using ancillary stains or just hematoxylin and eosin. [19] Another study showed that dedicated breast pathologists were significantly more likely than nonbreast pathologists to make a diagnosis on core biopsy that correlated with the final diagnosis on excision. [20] It has also been observed that SSSO can decrease the rate of extramural expert consultants disagreeing with original diagnoses given by the department employing SSSO. [21] While a variety of immunohistochemical stains (including CD31, [22] D2-40, [23] and ERG [24] ), as well as a special stain for elastin, [19] have been proposed to help increase the detection of lymphatic invasion and VI, we hypothesized that SSSO could also improve the overall accuracy of assessing for VI. Our study found improved recognition and reporting of VI in patients with HCC who underwent liver transplantation. Specifically, we found that among HCC cases signed out before SSSO, the likelihood of a case harboring overlooked VI was higher than among cases signed out under SSSO. Fortunately, the majority of cases reported as negative for VI were indeed negative, and no case reported as positive for VI was found to in actuality be negative for VI.
Because of the role VI plays in predicting long-term survival in patients with HCC treated with liver transplantation, institutions that perform liver transplants may want to consider the benefits of adopting SSSO. If complete SSSO is not feasible, institutions may also consider a hybrid model in which select cases are given to a pathologist with subspecialty expertise; for instance, before implementation of full SSSO at our institution, we utilized such a hybrid model. Under that system, all GI/liver resection specimens, liver biopsies, biopsies for Barrett's esophagus, and biopsies for inflammatory conditions of the luminal GI tract were funneled to an expert GI pathologist, while specimens from other procedures (such as upper endoscopies for nonspecific symptoms and screening colonoscopies) could be distributed to any pathologist in the department. The differences in identifying VI may be related to the attentiveness of a particular pathologist in the search for VI. In addition, the retrospective nature of the study with unlimited time to review the slides may have increased detection of VI. However, the careful examination of transplant hepatectomies with HCC requires a meticulous search for lymphoVI regardless of whether they are subspecialty trained or not. This is especially true given the clinical implications for the patient.
Our study is one of only a few so far that have suggested improved accuracy of certain parameters under SSSO. As this sign-out model continues to be adopted across the country and the world, it is prudent that its advantages be studied and quantified, to offer maximum benefit to patients. Its disadvantages (or areas of no advantage) should also be studied so that institutional steps can be taken to minimize their impact.
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